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Abstract: Low acceptance of evolution remains an obstacle to quality biology instruction. We develop and utilize a novel assessment
which measures emotional experience in light of real-world evolution education scenarios. We presented 296 science teachers 4
pro-evolution and 8 anti-evolution scenarios and asked them to rate their levels of joy, anger, sadness, fear, disgust, shame, and
guilt elicited by that scenario on an ordinal 5-point scale. We used exploratory factor analysis to extract the most important
dimensions in the teachers’ responses, Rasch analysis to explore the validity of the extracted subscales, and stepwise regression to
find the most important factors driving emotional dispositions. We extracted 3 factors: (1) pro-evolution experience (positive
emotions on pro-evolution and negative emotions on anti-evolution scenarios), (2) anti-evolution experience (negative emotions
on pro-evolution and positive emotions on anti-evolution scenarios), and (2) feelings of regret over anti-evolution scenarios (shame
and guilt on anti-evolution scenarios). Acceptance of evolution facts and a non-theistic religious orientation were positively related
to pro-evolution experience. Anti-evolution experience was predicted by lack of microevolution acceptance and lack of teacher
preparation. Feelings of regret around anti-evolution scenarios were driven by acceptance of evolution facts and lower levels of
teacher preparation. This work advances our understanding of how teachers relate affectively to the theory of evolution and offers
empirical insight into ways to improve dispositions about evolution.
Keywords: Emotion, evolution acceptance, evolution education, measurement, psychometric.
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Introduction
Despite the prevalence of anti-evolution views in the United States (US), US education policy emphasizes the importance
of teaching evolution. Evolution is one of four Disciplinary Core Ideas in life sciences in the Next Generation Science
Standards (NGSS) (NGSS Lead States, 2013) and both the National Association of Biology Teachers (NABT) and the
American Association for the Advancement of Science (AAAS) have formal statements identifying evolution as a
foundational component of scientific literacy (Brewer & Smith, 2011; NABT, 2011). Evolution is also one of 5 core content
areas outlined in Vision and Change in Undergraduate Biology Education (Brewer & Smith, 2011). Although policy
discussions related to science education have reached an overwhelming consensus that it is essential to help students
understand evolution, biology teachers often do not rise to this task, especially in localities with persistent Christian
(Bowman, 2008) and Islamic (Fouad, 2018) fundamentalism. Teachers in these localities who wish to teach evolution
often do not feel prepared to face opposition from parents and school administrators, while others may not feel confident
in their knowledge and ability to teach evolution in the first place (Romine et al., 2014). We see that the goal of
understanding and improving the quality of evolution pedagogy that students receive is not a simple matter, but rather
a problem rooted in complex emotional experiences rising from lack of community support (Cleaves & Toplis, 2007),
religion (Trani, 2004), and misunderstandings about evolution (Berkman et al., 2008).
Helping science teachers develop acceptance of evolution as a valid theory is a paramount professional development goal
(Sickel & Friedrichsen, 2013), but as of now, the conceptual scope for measuring evolution acceptance is defined
narrowly. Up to this point, instrumentation for measuring evolution acceptance has focused on appraisal of statements
related to the theory of evolution (Romine et al., 2017), but measurement of teachers’ emotional experiences related to
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evolution education is more limited (Heddy & Sinatra, 2013; Hawley & Sinatra, 2019). We need more quantitative basis
for understanding the emotional experiences harbored by science teachers in both the United States and abroad. The
current dearth of research on quantifying teachers’ emotional experiences makes it difficult to generalize on the actual
feelings that teachers are experiencing and how these feelings may relate to school and community environment,
personal education and religious background, and ultimately teaching practice.
Current validated tools for measuring evolution acceptance focus on giving the participant a statement about evolution
and asking them to rate their acceptance of that statement on a Likert scale. Current instrumentation includes the
Measure of Acceptance of the Theory of Evolution (MATE) (Rutledge & Warden, 1999), the Inventory of Student
Evolution Acceptance (I-SEA) (Nadelson & Southerland, 2012), the Evolutionary Attitudes and Literacy Survey (EALS)
(Hawley et al., 2011), and the Generalized Acceptance of Evolution Evaluation (GAENE) (Smith et al., 2016). The MATE,
I-SEA, and GAENE are similar in that they provide a statement about evolution such as Humans do not evolve; they only
change their behavior (from the I-SEA), Simple organisms such as bacteria change over time (from the GAENE), or Evolution
is not a scientifically valid theory (from the MATE), and then ask the participant to rate the extent to which he/she agrees
with the statement. The EALS is similarly written in a Likert format, but instead focuses measuring variables which may
affect acceptance of evolution, some of which include religiosity, knowledge, misconceptions, and distrust of science.
Teachers and students may understand what evolution states, and even accept that evolution is necessary for the study
of biology, but this bears sharp contrast to the emotional acceptance, and subsequent personal belief, required to accept
the theory as part of one’s worldview (Cobern, 1994).
The current approach for measuring evolution acceptance focuses on cognitive appraisal, which is an initial trigger for
emotion (Scherer, 2005). Although the emotional process may be initiated cognitively through data obtained by the
senses, emotion goes beyond cognition in that it manifests as physical stimulus, action motivation, communication, and
behavior (Ekman & Davidson, 1994; Scherer, 2005), which are related directly to the perceived relevance of a particular
object or event of attention to one’s well-being (Frijda, 1986). While it is interesting to understand appraisal related to
the theory of evolution, quantifying emotional experience is critical for understanding the actual feelings teachers harbor
towards evolution. Teachers’ emotions may serve as a critical factor influencing how they ultimately decide to teach
evolution, and given that affect is a key component of contemporary theoretical models of evolution acceptance (Deniz
et al., 2008; Ha et al., 2012), measurement of emotion is important in understanding acceptance as it is currently framed.
In this study, we introduce new instrumentation to measure teachers’ emotional experiences around evolution: the
Evolution Emotion Assessment with Real-world Scenarios (E-EARS). We first describe the framework behind the E-EARS,
and then explore its validity using the Rasch model. Finally, we use it to investigate factors influencing teachers’ reported
emotional experiences in response to the scenarios on the E-EARS. Through this process, we address three questions:
1. How do teachers’ discrete emotions cluster together to form unique emotional experiences?
2. What is the efficacy of real-world scenarios in allowing us to draw valid inferences about teachers’ distinct emotional
experiences?
3. What role does cognitive appraisal play in predicting teachers’ emotional experiences, and what other factors are
important in driving the emotional experiences teachers harbor with respect to the scenarios we present in the EEARS?
Literature Review
Work toward understanding thinking about evolution
Two prominent models have been developed to represent the process by which thinking about evolution occurs (Deniz
et al., 2008; Ha et al., 2012). The model put forth by Deniz and colleagues considers evolution thinking in terms of
cognitive, affective, and contextual domains. Their model conceptualizes evolution acceptance as a product of both
cognition and affection around the theory of evolution. While the model of Deniz et al. (2008) focuses on evolution
thinking in general, the model of Ha et al. (2012) presents a more constrained focus on evolution acceptance specifically,
suggesting that this is mediated through both conscious and unconscious pathways. Foremost, people will make a
conscious decision on whether or not they accept evolution through their understanding of evolution and their reasoning
around what they perceive as evidence for or against evolution. Indeed, facilitation of conscious experiences is an
important goal of evidence-based pedagogies focused on evolution (Beard et al., 2014). Ha et al. (2012) further propose
that these conscious experiences will merge with past experiences, values, and social interactions to generate
unconscious feelings which manifest as an underlying feeling of certainty. This indicates a bridge between cognition and
emotional experience. Evolution acceptance as it is currently defined serves as that bridge, but emotional experience
itself needs more exploration.
Validated measures of evolution acceptance
Both qualitative and quantitative methods have been utilized to understand evolution acceptance. Qualitative methods
which have been utilized include open response (Nehm & Schonfeld, 2008; Robbins & Roy, 2007) and interview protocols
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(Donnelly et al., 2009; Nehm & Reilly, 2007). In this study, we focus on quantitative measurement of emotional experience
related to evolution which has been conceptualized as ‘evolution acceptance’ in current instrumentation. Measurement
of evolution acceptance has been pursued with significant interest for over two decades. Johnson and Peeples (1987)
undertook one of the first attempts to measure evolution acceptance using a survey with documented psychometric
information. Just over a decade later, the Measure of Acceptance of the Theory of Evolution (MATE) was developed
(Rutledge & Warden, 1999); it has been both utilized and criticized extensively since then (for a review, see Romine et
al. (2017)). The MATE has been used as a single-dimensional measure, although Romine et al. (2017) found that it works
better as a two-dimensional instrument measuring acceptance of facts and acceptance of credibility of statements related
to evolution. The Inventory of Student Evolution Acceptance (I-SEA) and the Evolution Attitudes and Literacy Survey
(EALS) are also constructed multi-dimensionally. The I-SEA was designed to improve upon the MATE by making its
measures more fine-grained; it measures acceptance of statements related to microevolution, macroevolution, and
human evolution (Nadelson & Southerland, 2012). The Generalized Acceptance of Evolution Evaluation (GAENE) is the
most recent development in the line of traditional evolution acceptance measures. The authors argue that it measures
evolution acceptance unidimensionally without the potential confound with knowledge of evolution (Smith et al., 2016).
In contrast, the Evolution Attitudes and Literacy Survey (EALS) measures constructs peripheral to evolution acceptance
including creationist reasoning, political/religious conservativism, knowledge, misconceptions, and exposure to
evolution (Hawley et al., 2011). These instruments get at cognitive appraisal (Scherer, 2005), but are not able to elucidate
the emotions experienced when encountering scenarios related to the theory of evolution.
Extending evolution acceptance to emotional experience
Emotion and rationality are often positioned as being antithetical in nature (Zembylas, 2002). However, present
understanding of emotion suggests that emotional expression begins with appraisal, a rational process (Scherer, 2005).
Evolution acceptance, as it is defined by current instrumentation, entails evaluation or appraisal of specific statements
related to evolution. For example, asking for a person’s agreement with statement about evolution such as Humans do
not evolve; they only change their behavior (from the I-SEA), Simple organisms such as bacteria change over time (from the
GAENE), or Evolution is not a scientifically valid theory (from the MATE) solicits the person’s appraisal of a particular idea,
but does little to elucidate how the person relates to the theory of evolution emotionally. While it is interesting to
understand cognitive appraisal, going beyond this is critical for understanding the actual feelings harbored towards
evolution and how these relate to the short-term decisions made regarding what and how to teach. Given that affect is a
key component of contemporary theoretical models of evolution acceptance (Deniz et al., 2008; Ha et al., 2012),
measurement of emotion is an important next step.
Study of Emotion in Evolution Education Contexts
The formal study of emotions was commenced by none other than Charles Darwin as reported in his book, The Expression
of the Emotions in Man and Animals (Darwin, 1872). As his third book describing and applying evolutionary theory,
Darwin made the case that the emotions occur as discrete modules, and subsequent actions or decisions stemming from
particular emotions play a role in differential survival of animals. For this reason, Darwin argued that emotions tend to
be experienced, expressed and addressed in relatively uniform ways across animal kingdom. Examples include, but are
not limited to, the “fight or flight” reaction in response to fear, the tendency to avoid objects or environments that elicit
disgust, or the desire to engage with objects or situations that elicit feelings of joy. Wundt (1896) was the first to propose
conceptualizing emotion in terms of dimensions such as valence (positive to negative) and arousal (excited to calm), and
tension (tense to relaxed), and viewed this as a way to better conceptualize psychological similarities and differences
between the discrete emotions such that a person’s complex in-the-moment experience can be more meaningfully
characterized in a quantitative way.
Emotion in science education has been researched primarily in the context of constructs peripheral to emotion including
personal (Romine & Sadler, 2016) and situational interest (Lamb et al., 2012), self-efficacy (Palmer, 2006; Schoon &
Boone, 1998), motivation (Glynn et al., 2007), engagement (Thompson & Windschitl, 2005), and morality (Fowler et al.,
2009). Identity formation (Czerniak & Schriver, 1994; Malone & Barabino, 2009), frustration or anxiety with curricular
(Eastwell & MacKenzie, 2009) and classroom environment factors (Young, 1991), and emotional politics (Hargreaves,
1998; Lasky, 2000) have also received attention. Direct exploration of the construct of emotion specifically in science
teachers has primarily entailed qualitative research on classroom practice within ethnographic (Zembylas, 2002) and
case study methods (Zembylas, 2004) undertaken within a post-modernist framework (Arribas-Ayllon & Walkerdine,
2017).
Quantitative measurement of emotion in science education come about with the interest of connecting emotional
experience related to evolution and conceptual change within an instructional context (Heddy & Sinatra, 2013). To this
end, the Evolution Emotions Scale was developed to measure the emotions elicited about the specific topic to which the
students were just introduced. This measure utilized the discrete emotions approach to measurement of emotions.
Students were asked to rate their emotions on a 5-point Likert scale indicating agreement with the extent to which they
expressed the emotions of enjoyment, hope, pride, anger, anxiety, shame, hopelessness, and boredom, after learning
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about the topic (Heddy & Sinatra, 2013). A study by Hawley and Sinatra (2019) focused on measuring emotions about
evolution in Christian science teachers in the context of a professional development program focused on reducing the
perceived conflict between faith and science. They found that this program facilitated a reduction in negative emotions
and an increase in positive emotions (Hawley & Sinatra, 2019). In this study, the authors took a dimensional
measurement approach, putting positive and negative emotions together in order to generate respective scores based on
valence. In our current work, we also seek to build on this work and bridge the discrete emotions and dimensional
approaches in order to generate parsimonious quantitative models that yield meaningful qualitative interpretations.
Methodology
Sample
The MATE, I-SEA, and the E-EAR, along with questions about teachers’ backgrounds and practices related to teaching
evolution, were administered through Qualtrics survey software. Links to the survey were posted on the National Science
Teachers Association (NSTA) listserv and on the Twitter page of a high school in the Midwestern United States, and
targeted biology teachers. Forty teachers responded to the Twitter post, and 260 responded to the link on the NSTA
listserv. Two hundred ninety-six teachers completed the survey. A majority of the respondents reported teaching high
school (155, 52%). However, we also had 83 middle school teachers (28%), 32 elementary teachers (11%), and 25 college
teachers (8%). A single kindergarten teacher also responded.
Of the teachers reporting their gender, 98 (33%) were male and 184 (62%) were female. A majority of these teachers
were White (229, 77%). Black (24, 8%) and Hispanic (25, 8%) were also represented, along with 3 teachers who reported
Asian ethnicity (1%). Fifteen teachers (5%) reported “other” ethnicities. Along with a variety of ethnicities, a variety of
religions were represented in the study. One hundred seventy-three (58%) reported monotheistic religions including
Christianity (129, 44%) and Islam (44, 15%). Fifty-nine (20%) reported atheistic and 35 (12%) reported agnostic faith.
Three teachers (1%) reported Buddhist faith and no teachers reported Hindu faith. The remainder reported faiths other
than these listed.
A majority of the teachers participating in this study indicated backgrounds, dispositions, and conditions favorable for
teaching evolution in their classrooms. Two hundred-seventy (92%) of the teachers indicated that they personally
accepted evolution as being valid and true. Consequently, 266 (90%) of the teachers indicated that they felt responsible
for teaching evolution. One hundred twenty-two teachers (42%) indicated that they spent a moderate amount of time on
evolution in their classes. One hundred (33.8%) indicated they spent a greater than moderate amount of time teaching
evolution. The remainder spent little-to-no time on evolution. One hundred eighty-four (62%) of the teachers reported
that they had taken an upper level evolutionary biology class, 125 (42%) felt highly confident in their knowledge about
evolution, and 126 (43%) felt highly prepared to teach evolution. Most participating teachers reported relatively
supportive environments: 279 (94%) reported that the school was supportive and 243 (82%) indicated that parents
were supportive.
Treatment of Missing Data
We encountered multiple teachers (100 of the 296 total teachers) who had one or more missing survey responses. In
total, 15% of the total response cells were missing. Excluding participants with missing data results in a loss of precision
and power and can introduce non-response bias into the analyses (Sterne et al., 2009). Instead of excluding the
participants with missing data, we utilized the method of multiple imputation using the Markov Chain Monte Carlo
(MCMC) approach in SPSS 21.0 to impute the missing data based on a predictive model (Schafer, 1999). Multiple
imputation addresses a key limitation of single imputation in that it accounts for variance between observations (Sterne
et al., 2009). It carries the assumption that the data are missing at random (MAR), meaning that missingness is associated
only with the variables observed in the data (Sterne et al., 2009). By using the MCMC approach to introduce an error
based on variation in the variables across the imputation, also called between-imputation error, each missing observation
is replaced with two or more acceptable values, providing a distribution of possibilities. To achieve this, the imputation
model is applied to data where missing values are filled in a pre-defined number of times to generate a set number of
complete data sets considering the variances between observations. Finally, these imputation datasets can be pooled to
obtain a final dataset. In our study, linear regression was used to impute continuous responses, and multinomial logistic
regression was used to impute categorical responses. These were specified as main effects models were a participant’s
missing response was predicted based on all of their other responses on the survey (Sterne et al., 2009). We generated
10 imputation datasets and then pooled these to obtain a final dataset.
Instrument Development and Validation
Structuring the Measure
Diverse methodologies have been utilized to measure human emotion, ranging from self-report (Izard, 1991) to
observational (Yacoub et al., 2003) to physiological methods (Yuen et al., 2009). For data collection in this study, we focus
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on the self-report method, and specifically the Discrete Emotions Approach (DEA) (Gruber et al., 2011; Izard, 1991). In
this method, we provide the participant with a scenario, and then ask them to rate their emotional reaction to the
statement on an ordinal scale with respect to specific emotion terms (Figures 1 and 2). In this study, we focus on seven
emotions which Scherer (2004, 2005) labels as utilitarian—joy, anger, fear, disgust, sadness, shame, and guilt. These
utilitarian emotions are particularly pertinent to evolution education in that they facilitate teachers’ strategies for
adaptation and success according to how they, themselves, define success (Scherer, 2004). In the case of evolution
instruction, emotion dictates how teachers choose to adapt their classrooms and other learning environments to fit with
their worldviews. While the DEA is not the only approach for qualifying emotion, we find it to provide a flexible and
descriptive framework for data collection in that it allows us to analyze expressions of specific emotions as well as blends
of different emotions which are expressed simultaneously. We later describe how we combine the DEA with the
dimensional framework (Wundt, 1896) to facilitate descriptive and parsimonious quantitative measures.
Table 1. Scenarios on the E-EARS that were used to solicit emotional reactions to be reported by the teachers.
Pro-Evolution
1: In 2008, Florida adopted new science curriculum
standards that explicitly require teachers to teach the
“scientific theory of evolution.”

2: In 2007, Kansas approved new curriculum which
removed any reference to intelligent design as a part of
science. In 2013, Kansas adopted the Next Generation
Science
Standards which positions evolution as a
fundamental principle of biology.
3: A kindergarten teacher reads her students “Grandmother
Fish: A Child’s First Book of Evolution,” which explains that
fish, reptiles, mammals, apes, and humans share common
ancestors and all life on earth is related.
4: Bill Nye the Science Guy, a popularly known science
educator and evolution supporter, posted a YouTube video
in 2012 entitled “Creationism is Not Appropriate for
Children.”

Anti-Evolution
1: Prior to 2006, public school science textbooks in Georgia
contained a sticker that said “this textbook contains material on
evolution. Evolution is a theory, not a fact, regarding the origin of
living things. This material should be approached with an open mind,
studied carefully, and critically considered.”
2: In 1999, Kansas changed their science education standards to
remove any mention of “biological macroevolution, the age of the
Earth, or the origin and early development of the universe.”
Evolutionary theory no longer appeared in state-wide standardized
tests and it was left to local school districts to decide
whether to teach evolution or not.
3: In 2005, Kansas drafted new standards that “require critical
analysis of evolution – including scientific evidence refuting the
theory,” effectively stating that intelligent design should be taught.
The new standards provided a definition of science that does not
hinder supernatural explanations.
4: In 1994, a school board in Louisiana required teachers to read a
statement to students before evolution is taught, telling them that
evolution “should be presented to inform students of the scientific
concept and not intended to influence or dissuade the Biblical
version of Creation or any other concept.”
5: Legislators pass a bill saying that intelligent design and evolution
must have equal time in public K-12 science classrooms.
6: Public schools are taking children to the Ark Encounter, a
Christian theme park operated by Answers in Genesis, a Young Earth
creationism group. Ark Encounter has models of some of the kinds
of animals believed to be on the Ark, including dinosaurs.
7: Dr. John D. Morris, President of the Institute for Creation Research,
wrote in 2006 that “evolution tales are pseudo-scientific stories
about an imaginary history. Evolution is best understood as an antiGod origins myth, attempting to explain man’s existence without a
Creator. We can do better.”
8: Mike Pence, Donald Trump’s pick for Vice President, stated that
for teaching evolution and creationism in schools: “I think in our
schools we should teach all of the facts about all of these
controversial areas, and let our students, let our children and our
children’s children decide based upon the facts and the science.”

In order to explore in a holistic way how teachers react emotionally to issues related to evolution education, we presented
the teachers with both pro-evolution (4 scenarios; Table 1) and anti-evolution (8 scenarios; Table 1) scenarios, and then
asked each teacher to rate their level of joy, anger, sadness, fear, disgust, shame, and guilt on a 5-level ordinal scale: none
at all (0), a little (1), a moderate amount (2), a lot (3), and a great deal (4). Table 1 contains a list of our pro- and antievolution scenarios, respectively. Ratings for seven emotions onto 12 respective scenarios adds up to 84 total item
responses on the E-EARS. In light of Wundt’s (1896) dimensional model for emotion, it is reasonable to expect that high
levels of some of these emotions (like anger and disgust, for example) may be reported simultaneously; exploration of
sub-constructs is necessary to partition the relatively independent elements of the teachers’ reported emotional
experience.
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Exploration of Sub-constructs
As we utilize the DEA method as a framework for data collection and labeling of emotions, we draw upon the dimensional
approach (Wundt, 1896) when considering how to analyze the data and create useful scales. The seven utilitarian
emotions (joy, anger, fear, disgust, sadness, shame, and guilt) described by Scherer (2004) may, at first look, suggest a 7dimensional instrument where each emotion is given a unique scale. However, this model would be dubious from the
perspective of measurement since emotions tend to be expressed together collectively to form a unique in-the-moment
experience (Scherer & Ceschi, 2000), and indeed this is a key motivation for researchers who follow Wundt’s (1896)
model, theorizing that emotion can be reduced to an orthogonal three-dimensional space in terms of valence (positive to
negative) and arousal (excited to calm), and tension (tense to relaxed) (Figure 1). Later researchers have chosen to
reduce this space further into valence and arousal since tension is difficult to separate from valence and arousal in terms
of physiological expression (Lang, 1995; Russell, 2003). This dimensional theory of emotion has been used in studies
where independent, relatively language-free, quantitative measures of emotion are needed (Lane et al., 1999).

Figure 1. Quantitative description of emotion begins with identification of discrete emotions that likely coexist with each
other, and then mapping them onto a lower-dimensional space.
Using the DEA approach for data collection, and in turn theorizing that the seven emotions may be expressed within a
lower-dimensional space of emotional experience creates an important opportunity for understanding how teachers
associate emotionally with scenarios related to evolution education. For example, in the context of this study, it is
reasonable to hypothesize that certain submissive emotions like sadness, fear, shame, and guilt, or dominant emotions
like anger and disgust, may be expressed together as a single experience (Bradley & Lang, 2000). Further, we may even
hypothesize that joy and anger, which seem to be semantic opposites, are not true opposites of each other from a
measurement perspective—while they are opposites in terms of valence, they are similar in that they both comprise high
arousal (Russell, 1983). It is therefore not out of the question that an excited teacher may report high levels of both
emotions while a relatively unexcited teacher may express neither emotion. It follows that understanding how these
emotions cluster together in the data will yield important insight into how emotion related to evolution learning
scenarios is actually expressed.
Further complicating study of the E-EARS’s dimensionality is the fact that it contains 4 scenarios with pro-evolution
orientation and 8 scenarios with anti-evolution orientation. It is generally assumed in survey design that negatively
worded questions are true opposites of those which are positively worded, and that reverse coding the negatively worded
questions will thereby put all questions on the same scale along the intended construct. We have found in previous
research on evolution acceptance that this is not the case with current evolution acceptance instrumentation (Romine et
al. 2017). While current acceptance measures elicit cognitive appraisal of statements about evolution, Romine et al.
(2017, 2018) found that positively worded statements tend to elicit appraisal of the validity of evolution facts (or
acceptance of the truth of evolution), whereas those which are negatively worded tend to elicit appraisal with regards to
credibility of the theory of evolution (or rejection of incredible ideas about evolution). We have already made the case
that emotions with positive (i.e. joy) and negative (i.e. anger) valence are not necessarily true opposites of each other.
Further, how teachers express these emotions towards pro- and anti-evolution statements may be similarly difficult to
predict and quantify without the help of data.
Factor Analysis
While the DEA operationalizes the utilitarian emotions semantically, the dimensionality construction of emotion views
semantics as a descriptive approximation to what teachers are actually experiencing in the moment. This is important
given that teachers’ in-the-moment experience with a scenario comprises a blend of emotions, not a single discrete
emotion (Scherer, 2004). We use exploratory factor analysis (EFA) in SPSS 21.0 to reconcile how emotional reactions are
blended into unique single experiences which are thenceforth treated as instrumental subscales, and then use a
confirmatory factor analysis model with ignorable cross-loadings to evaluate how well the factor structure reproduces
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the data. EFA is a variable-centered clustering technique where latent factors among observed variables are extracted
from the data (Collins & Lanza, 2010). EFA has been used extensively in science education research, particularly in the
context of instrument validation (i.e. Romine et al., 2013; Corwin et al., 2015), and is a technique that is generally
associated with classical test validation methods and other situations where the researcher wishes to reduce a larger
feature set to relatively few latent constructs (Henson & Roberts, 2006).
EFA is exploratory in nature and is therefore a useful tool when the researcher does not have reliable prior information
about the latent factor structure of an assessment and therefore intends to extract this from the data mathematically
(Henson & Roberts, 2006; Osborne et al., 2008). We used the principal components method, which is useful toward
finding the dimensions in a multivariate dataset with the greatest amount of variance (Jolliffe, 2011).
For diagnosis regarding the suitability of factor analysis for these data, we calculated the Kaiser-Meyer-Olkin (KMO)
index of sampling adequacy (Kaiser, 1970) and performed Bartlett’s test of sphericity (Bartlett, 1950). The KMO index
indicates the proportion of variance in the responses that can potentially be factorized. A KMO index greater than 0.5 is
indicative that factor analysis may be informative for the data (Hair et al., 1995). Along a similar line, Bartlett’s test of
sphericity tests the null hypothesis that the variables are unrelated. Rejecting this null hypothesis at the 0.05 alpha level
indicates significant evidence in favor of the assumption that there is a latent structure in the data which can be modeled
using a factor analytic procedure (Hair et al., 1995).
Number of factors was informed by parallel analysis (Horn, 1965) using SPSS 21. The goal of parallel analysis is to
compare the eigenvalues generated from the raw variables to those generated from random ordered data (Williams et
al., 2010). To perform parallel analysis, we generated a series of random datasets which were permutations of the original
dataset so that the distributional properties of the original variables were preserved. This method is recommended for
ordinal variables which tend to take non-normal distributions (O’Connor, 2000) and is robust to deviations from
normality (Buja & Eyuboglu, 1992). This was accomplished using an SPSS macro developed by O’Connor (2000), in which
we preserved the 99th percentile eigenvalue extracted from 1000 random permutations of the original data. If the random
data eigenvalue is greater than the raw data eigenvalue, then we can conclude that the eigenvalue could be generated by
chance and is therefore indicative of a non-important factor.
After factor extraction, we utilized the promax rotation method (Hendrickson & White, 1964) to diagonalize the factor
solution allowing the factors to be correlated and evaluated the simple structure and interpretability of the solution. This
is an important step given the tendency of parallel analysis to overestimate the number of factors when there are outliers
in the data (Zwick & Velicer, 1986). As an additional step, in order to evaluate fit of the extracted factor structure to the
data, we utilized a CFA approach hypothesizing that an individual response is a measure of a single latent variable with
no cross-loading onto other latent variables. Estimation of the model was done using the diagonally weighted least
squares (WLSMV) estimator in Mplus 7 (Muthén & Muthén, 2012). The probit link was used to account for the categorical
nature of the responses. Fit with the data was evaluated using the Root Mean Square Error of Approximation (RMSEA),
Comparative Fit Index (CFI), and the Tucker-Lewis Index (TLI). An RMSEA close to 0.06 (Hu & Bentler, 1999), but not
above 0.07 (Steiger, 2007) is indicative of acceptable fit. Acceptable fit is also indicated by a CFI and TLI above 0.9
(Bentler, 1990; Bentler & Bonett, 1980).
Rasch Analysis
After making a reflective and informed decision (Henson & Roberts, 2006) on the number of factors to retain, and which
emotions loaded onto which factors, our attention turned to construct validity of the individual items towards
measurement of each factor, which we call an emotional sub-construct from here on. Given that a teacher’s emotional
reaction to each scenario was rated on an ordinal five-level scale, and that there were seven emotions per scenario which
may have unique scale structures, we utilized a constrained Rasch partial credit model (Masters, 1982), where responses
associated with each emotion had a common rating scale, as a criterion for validity. Rasch frameworks differ in
philosophy from other measurement frameworks like IRT and classical test theory (CTT) in that Rasch provides a
philosophical criterion for validity of the data: the likelihood of a teacher selecting a particular response level is
proportional only to the difference between the teacher’s level of emotion and the difficulty threshold of that response
(Wright & Stone, 1979). Other factors influencing this probability are considered detrimental to measurement, and are
detected through misfit with the model (Bond & Fox, 2013). This practice of measuring the quality of the data through a
standard model is different from the statistical practice of fitting the model to the data. We use the Rasch framework due
to several epistemological advantages including alignment with the laboratory practice of calibrating machines based on
a fixed standard before their use, better alignment with the scientific practice of falsification (Popper, 1968; Lakatos,
1976) than statistical model-fitting approaches, and generation of invariant linear estimates (Boone & Scantlebury,
2006).
We used the WINSTEPS software package (Linacre, 2006) to fit the unidimensional constrained Rasch partial credit
model to the data within each subscale, which provided a standard for the validity of the items and subscales. Item validity
was evaluated by their mean squares fit with the model. We used mean squares infit and outfit of the item response
patterns with respect to what the model would predict based on the item’s difficulty. These measures of fit have expected
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values of 1, but Wright et al. (1994) suggest that values between 0.5 and 1.5 are indicative of potentially useful items.
Values below 0.5 indicate that the item fits the model better than we would expect in real data, possibly indicating bias
in the item that favors teachers with high intensity emotion (Masters, 1988). However, with regards to measurement
validity, misfitting items (mean squares fit > 1.5) represent a significant validity concern as they indicate bias in favor of
teachers with weak levels of emotional intensity which contradicts the intended scale directionality (Bond & Fox, 2013).
In addition to item construct validity, we were also interested in the usefulness of the scale itself in explaining and
quantifying teachers’ emotional experiences with respect to the scenarios presented. Of primary concern was
unidimensionality, the efficacy of the Rasch model in capturing the systematic variance in the item responses within each
subscale. As with item fit, we evaluated unidimensionality using a falsificationist perspective. We first invoked the
assumption that the items are unidimensional, and then attempted to falsify this by inspecting the residuals in the item
responses with respect to the Rasch model. If the items measure a single dimension, then the residuals should be random.
We implemented principal components analysis (PCA) on the residuals, and inspected the first eigenvalue. If the residuals
are random, this eigenvalue should fall below 2 (Linacre & Tennant, 2009). A first eigenvalue above 2 indicates some
systematic departure from unidimensionality in the set of items with respect to the intended emotional sub-construct.
A related assumption of interest in this study is that of local independence of items. If items are locally independent, then
they are unrelated to each other after accounting for variance due to the latent emotional sub-construct (Collins & Lanza,
2010). Local dependency is therefore quantified through correlation of item residuals with respect to the Rasch model;
the residuals of locally independent items have zero correlation. Although the assumption of local independence is often
taken for granted in Rasch studies, this is a potential issue in this assessment since scenarios may introduce dependency
between the measures that is extraneous with respect to the emotional sub-construct.
Predicting Intensity of Emotional Experience
Upon extraction of Rasch measures for emotional factors, we were interested in which variables best predict these
factors. We measured a variety of factors including religion which we coded as monotheistic [coded 1] or otherwise
[coded 0], grade level taught, teaching practice (whether or not evolution is taught [coded 0 or 1] , how much time is
spent teaching evolution [ordinal 0-4], and whether the teacher feels responsible for teaching evolution [0 or 1])
preparation to teach evolution (the extent to which the teacher feels prepared to teach evolution [ordinal 0-4], whether
he/she has taken an evolution class [coded 0 or 1], confidence in knowledge about evolution [ordinal 0-4]), external
support for teaching evolution (parental [coded 0 or 1] and school support [coded 0 or 1]), and acceptance of evolution
as it is traditionally measured (I-SEA measures for acceptance of micro-, macro-, and human evolution [continuous 1-5
scale], MATE measures of acceptance of facts about evolution and credibility of evolutionary theory [continuous 1-5
scale], and an explicit question asking whether or not the teacher accepts evolution as being true and valid [coded 0 or
1]). These variables were used to build multiple linear regression models using the forward stepwise algorithm in SPSS
21.0. In the forward component of this algorithm, the addition of each predictor is tried and the improvement in fit over
the intercept-only model is assessed. We used a 0.01 alpha level for entry, meaning that if no variable improves fit at the
0.01 alpha level, then the algorithm stops. Otherwise, the variable that best improves the fit of the model is added. This
is done sequentially until no variables improve fit of the model at the 0.01 alpha level. A backwards component operates
between each forward component, and involves an attempt to remove each variable from the model in a leave-one-out
process. If fit of the model did not reduce at the 0.05 alpha level upon removal of a variable, then it was removed from
the set of variables included in the model before the next forward iteration continued. Since collinearity exists between
these many of these variables, the purpose of this backward step was to reduce the effect of the order in which variables
were entered on the resulting final model.
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Results
RQ1: How do teachers’ discrete emotions cluster together to form unique emotional experiences?
The KMO index for the collection of item responses in the factor analysis was measured at 0.92 which is well above the
recommended threshold of 0.5 (Hair et al., 1995). Bartlett’s test of sphericity was also significant (χ2 = 25213, df = 3486,
p << 0.001), supporting the claim that there is a latent structure in the data that can be modeled using factor analysis.
From the parallel analysis, four factors emerged which exceeded those derived from random permutations of the data.
The first factor had an eigenvalue of 25.1, which was much greater than the random data eigenvalue of 2.4. The second
factor had an eigenvalue of 16.9, which was greater than the parallel random eigenvalue of 2.3. The third factor had an
eigenvalue of 4.3, which was greater than the random eigenvalue of 2.2. The fourth factor had an eigenvalue of 2.2, which
was only slightly above the randomly generated value of 2.1. The eigenvalue of 1.8 for the fifth factor was exceeded by
the eigenvalue of 2.0 generated for the random data, indicating that including greater than 4 factors may not yield
replicable conclusions. In consideration of the closeness between the raw data and random data eigenvalues for the
fourth factor and the tendency of parallel analysis to extract minor components from the data (Zwick & Velicer, 1986),
we inspected the pattern matrices for 3-factor and 4-factor solutions. We decided that the 3-factor solution’s structure
yielded a clearer and more parsimonious interpretation.
The pattern matrix (Table 2) for the solution with 3 emotional sub-constructs showed simple structure and a definitive
loading pattern that was consistent across scenarios. Specifically, teachers scoring high on emotional sub-construct 1
tended to express Joy on the pro-evolution scenarios and Anger, Sadness, Fear, and Disgust on the anti-evolution
scenarios. We labeled this emotional sub-construct Pro-evolution experience, which we will call “pro-evolution”
throughout this report. Teachers scoring high on emotional sub-construct 2 tended to express the negative emotions of
Anger, Sadness, Fear, Disgust, Shame, and Guilt on the pro-evolution scenarios and Joy on the anti-evolution scenarios.
We therefore labeled this emotional sub-construct Anti-evolution experience, which we will call “anti-evolution” in this
report. Teachers who scored high on emotional sub-construct 3 tended to express Shame and Guilt on the anti-evolution
scenarios. We labeled this emotional sub-construct Regret over anti-evolution scenarios, which we will call “regret” in this
report.
Table 2. Pattern matrix for the 3-factor EFA solution. Factor 1 comprises pro-evolution experience; Factor 2
comprises anti-evolution experience; and Factor 3 comprises regret over anti-evolution scenarios. Loadings less
than 0.2 are omitted.
Pro1_Joy
Pro1_Anger
Pro1_Sadness
Pro1_Fear
Pro1_Disgust
Pro1_Shame
Pro1_Guilt
Anti1_Joy
Anti1_Anger
Anti1_Sadness
Anti1_Fear
Anti1_Disgust
Anti1_Shame
Anti1_Guilt
Anti2_Joy
Anti2_Anger
Anti2_Sadness
Anti2_Fear
Anti2_Disgust
Anti2_Shame
Anti2_Guilt
Anti3_Joy
Anti3_Anger
Anti3_Sadness
Anti3_Fear
Anti3_Disgust
Anti3_Shame
Anti3_Guilt

Factor1
0.627

-0.284
0.791
0.696
0.672
0.779

Factor2

Factor3

0.881
0.867
0.545
0.769
0.793
0.408
0.417
0.229
0.666
0.858
0.416

0.713
0.546
0.663
0.753
-0.243
0.808
0.753
0.708
0.815

-0.31

-0.2
0.411

0.25

0.737
0.912

0.747
0.788
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Table 2. Continued
Pro2_Joy
Pro2_Anger
Pro2_Sadness
Pro2_Fear
Pro2_Disgust
Pro2_Shame
Pro2_Guilt
Anti4_Joy
Anti4_Anger
Anti4_Sadness
Anti4_Fear
Anti4_Disgust
Anti4_Shame
Anti4_Guilt
Anti5_Joy
Anti5_Anger
Anti5_Sadness
Anti5_Fear
Anti5_Disgust
Anti5_Shame
Anti5_Guilt
Pro3_Joy
Pro3_Anger
Pro3_Sadness
Pro3_Fear
Pro3_Disgust
Pro3_Shame
Pro3_Guilt
Anti6_Joy
Anti6_Anger
Anti6_Sadness
Anti6_Fear
Anti6_Disgust
Anti6_Shame
Anti6_Guilt
Pro4_Joy
Pro4_Anger
Pro4_Sadness
Pro4_Fear
Pro4_Disgust
Pro4_Shame
Pro4_Guilt
Anti7_Joy
Anti7_Anger
Anti7_Sadness
Anti7_Fear
Anti7_Disgust
Anti7_Shame
Anti7_Guilt
Anti8_Joy
Anti8_Anger
Anti8_Sadness
Anti8_Fear
Anti8_Disgust
Anti8_Shame
Anti8_Guilt

Factor1
0.478

0.775
0.676
0.596
0.756

Factor2
-0.368
0.867
0.807
0.87
0.779
0.589
0.756
0.42
0.22
0.236

Factor3

0.242
0.658
0.729

-0.226
0.69
0.709
0.691
0.76

0.369

0.653
0.772
0.628
0.762
0.831
0.74
0.887
0.885
0.817
0.744
0.754
0.718
0.738
0.81

0.202
0.658
0.874

0.767
-0.302

0.616
0.361
0.594
0.793
0.64
0.515
0.76

0.721
0.553
0.504
0.737

0.213
0.764
0.748

-0.441
0.81
0.776
0.737
0.873
0.318

0.297

0.24
0.568
0.762

CFA suggested that 3 factors described the set of responses adequately. A 3-factor CFA model with ignorable crossloading of responses between factors yielded an RMSEA of 0.061, a CFI of 0.90, and a TLI of 0.90. These are
indicative of adequate fit, meaning that the 3-factor model with no cross-loading replicates the relationships
between responses in the data acceptably.
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RQ2: What is the efficacy of the scenarios in allowing us to draw valid inferences about these distinct emotional experiences?
We fit a unidimensional Rasch model to each of the respective emotional sub-constructs: (1) pro-evolution; (2) antievolution; and (3) regret. The scales showed adequate reliability for measurement of teachers’ (0.95, 0.77, and 0.85,
respectively) and items’ (0.97, 0.92, and 0.96, respectively) positioning on each subscale. This said, we found some
departure from unidimensionality in each of the subscales (1 st eigenvalues = 3.77, 3.32, and 2.56, respectively). The
largest item residual correlations for each subscale were 0.67, 0.58, and 0.29, respectively, indicating that while there is
departure from unidimensionality, local dependency is not responsible for this, and does not present a significant
measurement concern (Linacre, 2006). Positive loadings onto the first residual factor for the pro-evolution construct
indicate that the multidimensionality is primarily caused by expression of fear on the anti-evolution scenarios (scenarios
1, 3, 4, and 5-8 have loadings greater than 0.3). It is interesting that fear around the anti-evolution scenarios constitutes
higher positioning along the Rasch scale (Kruskal-Wallis test statistic = 15.6, df = 4, p = 0.004) than the other emotions
aligning with pro-evolution experience (Figure 2), indicating that teachers with pro-evolution experience would have the
tendency to express the other emotions along this subscale before expressing fear—only the teachers with the highest
levels of reported pro-evolution experience expressed fear with respect to the anti-evolution scenarios. Anger and
disgust on anti-evolution scenario 4 also loaded onto this residual dimension (loadings of 0.40 and 0.45, respectively).
Expression of negative emotions on pro-evolution scenarios 1-3 were responsible for the multidimensionality in
measures for the anti-evolution construct: anger on scenarios 1 and 2 (loadings of 0.44 and 0.51), sadness and shame on
scenarios 1-3 (loadings between 0.32-0.39), guilt on scenario 3 (loading of 0.42), and fear on scenario 1 (loading of 0.55).
This suggests some inconsistency between the pro-evolution and anti-evolution scenarios in measuring anti-evolution
experience, but there were no significant differences between the different emotions with regards to positioning (Figure
3) along the Rasch scale (Kruskal-Wallis test statistic = 8.7, df = 6, p = 0.192). The small departure from unidimensionality
in the regret construct is due to slight inconsistency between the emotions of shame and guilt. The responses of guilt on
anti-evolution scenarios 1-6 have positive loadings (0.37-0.63) onto the residual factor, suggesting some commonality in
these scenarios which elicits a guilt response in a way that is peripheral to the main factor of regret. Like the emotion of
fear in the pro-evolution construct, the emotion of guilt sits higher on the Rasch scale (Figure 4) than shame (KruskalWallis test statistic = 10.0, df = 1, p = 0.002), implying that only teachers with the highest levels of regret over the antievolution scenarios will feel the deeply personal emotion of guilt.
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Figure 2: Person-item map for pro-evolution experience. Fear is significantly higher on the scale than the other emotions
(Kruskal-Wallis test statistic = 15.6, df = 4, p = 0.004).
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Figure 3: Person-item map for anti-evolution experience. No significant differences existed between the scale locations of
emotions (Kruskal-Wallis test statistic = 8.7, df = 6, p = 0.192).
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Figure 4: Person-item map for regret over anti-evolution scenarios. Guilt is significantly higher on the scale than shame
(Kruskal-Wallis test statistic = 10.0, df = 1, p = 0.002).
Finally, 4 responses in the pro-evolution construct (Table 3), 10 responses on the anti-evolution construct (Table 4), and
2 responses on the regret construct (Table 5) showed mean squares fit indices above 1.5. However, these response
patterns also had positive point-biserial correlations (above 0.3). With respect to polytomous data, Smith (1996)
describes these types of patterns as informative-noisy, meaning that despite some unpredictability in how the teachers
respond, the responses may nonetheless provide useful measurement information.
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Table 3. Table of Rasch difficulty and item fit for pro-evolution emotional experience.
Item
Measure SE
Infit
Pro1Joya
-0.55
0.06
1.02
Anti1Anger
0.02
0.05
0.83
Anti1Sadness
0.15
0.06
0.91
Anti1Fear
0.59
0.06
1.09
Anti1Disgust
-0.01
0.05
1.06
Anti2Anger
-0.30
0.06
0.93
Anti2Sadnessa -0.23
0.06
1.34
Anti2Fear
0.32
0.05
0.91
Anti2Disgust
-0.21
0.05
0.87
Anti3Anger
-0.08
0.05
0.76
Anti3Sadness
0.01
0.06
0.83
Anti3Fear
0.29
0.05
0.97
Anti3Disgust
0.00
0.05
0.80
Pro2Joya
-0.50
0.06
1.32
Anti4Anger
0.23
0.05
1.04
Anti4Sadness
0.34
0.06
0.92
Anti4Fear
0.78
0.06
1.23
Anti4Disgust
0.26
0.05
1.14
Anti5Anger
-0.52
0.06
1.28
Anti5Sadness
-0.38
0.06
1.04
Anti5Fear
0.09
0.05
1.04
Anti5Disgust
-0.31
0.06
1.09
Pro3Joy
-0.21
0.06
1.12
Anti6Anger
-0.10
0.05
0.97
Anti6Sadness
-0.18
0.06
0.98
Anti6Fear
0.27
0.05
1.00
Anti6Disgust
-0.06
0.05
0.94
Pro4Joy
0.30
0.05
1.08
Anti7Anger
-0.46
0.06
1.05
Anti7Sadnessa -0.29
0.06
1.12
Anti7Feara
0.43
0.06
1.33
Anti7Disgust
-0.39
0.06
0.81
Anti8Angera
0.07
0.05
1.01
Anti8Sadness
0.16
0.06
1.14
Anti8Fear
0.39
0.06
0.91
Anti8Disgust
0.09
0.05
0.94
aInformative-noisy pattern (Smith, 1996)

Outfit
1.93
0.95
0.93
1.04
1.10
0.86
1.25
1.07
0.78
0.75
0.82
0.99
0.84
1.54
0.94
0.93
1.28
1.00
0.99
1.14
0.97
0.92
1.27
0.97
0.95
0.93
0.87
1.08
0.87
1.91
1.42
0.91
1.61
1.05
0.87
0.91

PtBis
0.56
0.70
0.68
0.62
0.65
0.69
0.59
0.69
0.71
0.74
0.71
0.68
0.74
0.55
0.64
0.67
0.57
0.62
0.64
0.65
0.67
0.67
0.62
0.69
0.67
0.67
0.70
0.66
0.65
0.56
0.57
0.68
0.65
0.65
0.70
0.69
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Table 4. Table of Rasch difficulty and item fit for anti-evolution emotional experience.
Item
Measure SE
1=Pro1Anger
-0.16
0.07
2=Pro1Sadness
-0.27
0.07
3=Pro1Feara
0.24
0.08
4=Pro1Disgust
0.33
0.08
5=Pro1Shame
0.54
0.10
6=Pro1Guilta
0.65
0.11
7=Anti1Joya
-0.18
0.07
8=Anti2Joya
0.30
0.08
9=Anti3Joya
0.06
0.07
10=Pro2Anger
-0.19
0.07
11=Pro2Sadness
-0.08
0.07
12=Pro2Fear
-0.34
0.07
13=Pro2Disgust
0.02
0.07
14=Pro2Shamea
0.41
0.09
15=Pro2Guilt
0.07
0.07
16=Anti4Joya
-0.26
0.07
17=Anti5Joya
0.19
0.08
18=Pro3Anger
0.34
0.09
19=Pro3Sadness
-0.14
0.07
20=Pro3Fear
-0.12
0.07
21=Pro3Disgust
0.20
0.08
22=Pro3Shame
0.22
0.08
23=Pro3Guilt
0.09
0.07
24=Anti6Joy
-0.33
0.07
25=Pro4Anger
-0.26
0.07
26=Pro4Sadnessa
-0.14
0.07
27=Pro4Fear
-0.23
0.07
28=Pro4Disgust
-0.25
0.07
29=Pro4Shame
-0.15
0.07
30=Pro4Guilt
0.15
0.08
31=Anti7Joy
-0.07
0.07
32=Anti8Joya
-0.63
0.07
aInformative-noisy pattern (Smith, 1996)

Infit
0.84
0.80
0.99
0.93
0.40
1.37
1.46
1.19
1.51
0.75
0.88
0.88
1.06
1.55
0.79
1.60
1.42
0.57
0.95
0.93
0.48
0.48
0.80
0.79
1.09
1.21
1.34
0.59
1.07
1.26
0.85
1.75

Outfit
0.69
0.62
1.58
0.60
0.39
2.42
2.28
1.60
1.30
0.45
0.63
0.66
0.96
1.01
0.88
2.25
1.61
0.44
0.60
1.24
0.35
0.38
0.46
0.84
0.94
1.56
1.23
0.41
0.83
0.79
0.50
2.24

PtBis
0.77
0.80
0.50
0.67
0.72
0.36
0.50
0.46
0.47
0.78
0.71
0.76
0.65
0.48
0.68
0.48
0.43
0.71
0.75
0.64
0.81
0.78
0.71
0.80
0.66
0.45
0.58
0.84
0.65
0.54
0.77
0.46

Table 5. Table of Rasch difficulty and item fit for regret related to anti-evolution scenarios.
Item
Measure SE
Infit
Anti1Shame
-0.22
0.07
1.08
Anti1Guilt
0.42
0.07
0.53
Anti2Shame
-0.58
0.07
0.83
Anti2Guilt
0.43
0.07
0.70
Anti3Shame
-0.28
0.07
0.88
Anti3Guilt
-0.01
0.06
0.88
Anti4Shame
0.11
0.07
1.25
Anti4Guilt
0.24
0.06
0.91
Anti5Shamea
-0.53
0.07
1.34
Anti5Guilta
-0.03
0.06
1.31
Anti6Shame
-0.35
0.07
1.15
Anti6Guilt
0.43
0.07
0.62
Anti7Shamea
-0.16
0.07
1.17
Anti7Guilta
0.37
0.07
1.32
Anti8Shamea
-0.24
0.07
1.18
Anti8Guilta
0.42
0.07
0.76
aInformative-noisy pattern (Smith, 1996)

Outfit
1.06
0.45
0.75
0.94
0.91
0.79
1.11
0.72
1.39
1.84
1.36
0.45
1.48
1.38
1.33
1.52

PtBis
0.67
0.75
0.75
0.70
0.70
0.74
0.60
0.68
0.58
0.62
0.59
0.74
0.61
0.59
0.60
0.66

Given the uniqueness of the contribution of each of these scenarios to the construct, we would caution against eliminating
any of the scenarios without further research. However, looking more closely at these items can assist us in
understanding how the respective scenarios function for measurement. Of the misfitting responses loading onto the proevolution factor, two comprised joy on Pro-evolution Scenarios 1 and 2, one comprised reported sadness on Anti-
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Evolution Scenario 7, and one comprised reported anger on Anti-Evolution Scenario 8. It is interesting that the misfit of
these items is indicated by the outfit index, which tends to be outlier-sensitive. The infit indices for these responses are
close to the expected value of 1, with the exception of joy on Pro-evolution Scenario 2 (infit = 1.32). This discrepancy
between infit and outfit indices indicates that outlying responses are present which attenuate expected fit with the Rasch
model.
We see a more uniform match between infit and outfit indices in responses within the anti-evolution factor. These
misfitting responses comprise expression of the emotion of joy on anti-evolution scenarios (1, 2, 3, 4, 5, and 8), indicating
some inconsistency between the emotion of joy on anti-evolution scenarios and the negative emotions on the proevolution scenarios in defining the anti-evolution dispositional trait. This said, anti-evolution scenarios 6 and 7 did not
show this pattern, warranting discussion of what anti-evolution scenarios 1-5 and 8 have in common, and how these
differ from anti-evolution scenarios 6 and 7. The other misfitting responses entailed passive emotions in regard to the
pro-evolution scenarios: fear and guilt on pro-evolution scenario 1, shame on pro-evolution scenario 2, and sadness on
pro-evolution scenario 4. These misfits lacked the conceptual uniformity that we saw on the emotion of joy within this
factor, meaning it may be more difficult to discern why these misfits occurred at the scenario level. Within the regret
factor, the two misfitting responses comprised expression of guilt on anti-evolution scenarios 5 and 8. In scenario 8, we
again see a large imbalance between the outfit index (1.52) and the infit index (0.76), suggesting that outlying responses
from participants that do not fit the Rasch model may be responsible for this misfit.
The Wright maps (Figures 2-4) indicate that, of the three constructs, pro-evolution experience may be the most useful for
measuring the emotional response of science teachers to the scenarios. Not only does this construct deliver the most
reliable measure, but we also observed that the distribution of item locations matches well with the distribution of
teacher measures. An item provides the most information about participants with ability matching the difficulty of that
item (De Ayala, 2013), and so it makes sense that this construct may be the most informative for science teachers. Figures
3 and 4 show that the distributions of teacher measures for anti-evolution experience and regret over anti-evolution
scenarios are similar in that a majority of the teachers had measures toward the bottom of the scale, meaning they tended
to express both low levels of anti-evolution experience and low levels of regret over anti-evolution scenarios. That the
items are positioned well above the measures for a majority of the participants indicates that they collectively solicit
higher levels of anti-evolution experience and regret than a majority of the teachers hold. Scenarios which make it easier
to express anti-evolution experience or regret would provide more useful information for these teachers. Pro- and antievolution experience measures have a moderate negative correlation (r = -0.52). A negative correlation is expected since
they will tend to solicit different valence, but are not simply opposites along the same construct. However, regret has a
positive correlation with both pro-evolution (r = 0.40) and anti-evolution experience (r = 0.20), meaning that there was
some tendency for teachers with both high pro-evolution and anti-evolution experience to express shame and guilt, albeit
this tendency was much higher for those teachers with pro-evolution experience.
RQ3: What are the most important factors in predicting teachers’ emotional dispositions?
Extraction of three emotional sub-constructs begets three respective regression models for: (1) pro-evolution
experience; (2) anti-evolution experience, and (3) shame and guilt around anti-evolution scenarios (Table 6). The
final model for pro-evolution experience (F2,293 = 136.6, p << 0.001, r2adj = 0.48) contained two significant
predictors: (1) acceptance of facts about evolution (B = 1.39, SE B = 0.099, t = 14.0, p << 0.001, rzero-order = 0.67, rpartial
= 0.63) and (2) subscription to monotheistic faith (B = -0.63, SEB = 0.139, t = -4.53, p < 0.001, rzero-order = -0.37, rpartial
= -0.26). The final model for anti-evolution experience (F3,292 = 62.7, p << 0.001, r2adj = 0.39) contained three
predictors: (1) acceptance of microevolution (B = -0.96, SEB = 0.146, t = -6.57, p << 0.001, rzero-order = -0.52, rpartial = 0.36), (2) statement that one accepts evolution as true and valid (B = -1.16, SEB = 0.232, t = -5.01, p << 0.001, rzeroorder = -0.46, rpartial = -0.28), and (3) preparation to teach evolution (B = -0.28, SEB = 0.059, t = -4.78, p << 0.001, rzeroorder = -0.42, rpartial = -0.27). The final model for shame and guilt around anti-evolution scenarios (F2,293 = 10.7, p <<
0.001, r2adj = 0.062) contained two significant predictors: (1) acceptance of facts about evolution (B = 0.53, SE B =
0.135, t = 3.93, p < 0.001, rzero-order = 0.17, rpartial = 0.22) and (2) preparation to teach evolution (B = -0.30, SEB =
0.085, t = -3.54, p < 0.001, rzero-order = -0.14, rpartial = -0.20).
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Table 6. Significant predictors of emotional experience for pro-evolution, anti-evolution, and regret related to antievolution scenarios.
Construct
Pro-Evolution

Predictor
Intercept
Facts
Monotheistic
Anti-Evolution
Intercept
Preparation
Accept
Micro
Regret
Intercept
Facts
Preparation
aSignificant at 0.01 alpha level

B
-5.66
1.39
-0.63
4.52
-0.28
-1.16
-0.96
-2.95
0.53
-0.30

SEB
0.489
0.099
0.139
0.615
0.059
0.232
0.146
0.596
0.135
0.085

Ta
-11.58
14.03
-4.53
7.35
-4.78
-5.01
-6.57
-4.94
3.93
-3.54

rzero-order

rpartial

0.67
-0.37

0.63
-0.26

-0.42
-0.46
-0.52

-0.27
-0.28
-0.36

0.17
-0.14

0.22
-0.20

Discussion
The measurement framework behind the E-EARS provided a lens into understanding how teachers’ emotions tend to
blend together to form unique experiences associated with the specific scenarios. The utilitarian emotions we measured
(joy, anger, sadness, fear, disgust, shame, and guilt) are conceptually distinct feelings, and so it might be expected that
this would result in a 7-dimensional instrument. The 3-dimensional factor structure in the responses, however, suggests
that the dimensional model (Hawley & Sinatra, 2019; Wundt, 1896) served as a more parsimonious and representative
framework for how science teachers actually express their feelings. We emphasize here that this finding should not be
taken to suggest that consideration of individual discrete emotions is not useful; without defining these at the outset,
each respective factor would lose qualitative meaning. What it suggests is that certain emotions tend to be expressed
together as a distinct experience, which is similar to what Hawley and Sinatra (2019) found in their study with Christian
science teachers. The discrete emotions can be used to describe these experiences in language. We describe these in turn.
Pro-Evolution Experience
The strongest factor in the data constituted pro-evolution experience, or the tendency to express emotional states that
would be expected from a teacher who supports the teaching of evolution in the classroom. The factor analysis indicated
that this constituted expression of joy on the scenarios which described events favorable to teaching evolution, and anger,
sadness, fear, and disgust on those scenarios which described unfavorable events. That the factor loading patterns were
consistent across all scenarios, and that the scale displayed excellent reliability (ρRasch = 0.95), indicates consistency in
the way that the multiple scenarios solicit these emotions. However, the Wright map (Figure 2) helps us delve deeper
toward prediction of the emotional experiences that particular teachers are likely to have.
Figure 2 indicates that the distribution of the emotions across the scale is relatively uniform with the exception of fear,
which tends to be expressed only by those teachers with the highest levels of pro-evolution emotional experience. This
suggests that joy on the positive scenarios and sadness, anger, and disgust on the negative scenarios tend to be expressed
together regardless of a person’s level of pro-evolution experience. Only those teachers with the highest levels of proevolution experience actually feel fearful of the resistance to evolution education (i.e. Griffith & Brem, 2004; Siani &
Yarden, 2020).
Anti-Evolution Experience
Anti-evolution experience comprised the tendency to express joy after reading the scenarios adverse to teaching
evolution and anger, sadness, fear, disgust, guilt, and shame after reading the scenarios describing events that were
favorable to teaching evolution. Teachers’ measures were skewed toward the lower end of the scale which is not
surprising given our focus on science teachers. Unlike Hawley and Sinatra (2019) which focused on Christian educators,
our study had 44% representation of Christian faith. Given the tendency for perceived conflict between religion and
evolution to attenuate favorability toward the theory of evolution (Barnes et al., 2021), it is likely that this sample will be
more pro-evolution than studies with samples that are more uniformly Christian. The respective emotions themselves
were uniformly distributed across the Wright map (Figure 3), indicating that a teacher’s level of anti-evolution
experience did not dictate a tendency to express certain types of emotions over others.
Positive loading of the negative emotions on the pro-evolution scenarios was consistent across all scenarios within this
factor. However, some inconsistency in the expression of joy on the anti-evolution scenarios was found which may be
responsible for the slightly lower measurement reliability for this construct (ρRasch = 0.77). The loadings for joy on the
anti-evolution scenarios tended to be lower—below 0.5 on many of the scenarios—and accompanied by a negative
loading onto the pro-evolution experience factor. This indicates that asking for a rating of joy on anti-evolution scenarios
actually aligns negatively with pro-evolution experience in addition to aligning with anti-evolution experience. It is
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noteworthy that the magnitude of the loading of joy on Scenario 8 is actually higher for the pro-evolution experience
factor (-0.441) than for the anti-evolution experience factor (0.297). This unique pattern in Scenario 8 may be due to its
political reference which may solicit a more emotionally loaded response than the other scenarios. A key point brought
forth in our data is that despite the semantics, the constructs of “pro-evolution experience” and “anti-evolution
experience” are not true opposites of each other; they are only moderately related (r = -0.517). This demonstrates that a
teacher expressing pro-evolution experience will not necessarily express anti-evolution experience in a diametrically
opposite way. This is particularly true for those who have relatively neutral levels of experience—we would expect more
unpredictability in how these teachers react to the scenarios.
The Experience of Regret
The experience of regret, comprising the emotions of guilt and shame regarding events adverse to evolution education
also showed remarkable consistency across the anti-evolution scenarios. Although this construct consisted of fewer
responses than the others, the reliability was high (ρRasch = 0.85). The distribution of teachers’ measures for regret were
similar to anti-evolution experience—a majority did not express regret even if they expressed pro-evolution experience.
This accounts for the more moderate than expected correlation between pro-evolution experience and regret (r = 0.40).
An interesting aspect of this construct is the high separability between shame and guilt along the Wright map (Figure 4).
Figure 4 shows that a majority of the teachers expressed neither shame nor guilt, indicating that they did not feel in an
emotional way a sense of responsibility for the events hindering the teaching of evolution (Plutzer et al., 2020). However,
those teachers with moderate measures expressed shame, and only those with the highest measures expressed guilt.
This makes sense in that shame can be directed either inward towards oneself or outward towards others. Guilt, on the
other hand, can only be directed inward, and therefore is expressed only by those teachers with the highest sense of
personal responsibility for these negative events, which may tend to manifest as teachers gain more experience in the
classroom (Noland, 2021). It is interesting that the only item where shame and guilt are positioned closely to each other
is Anti 4, which refers to actions taken by a school board. This item is unique in that it refers to actions taken by a school
while the other items refer to actions taken by states or individuals comparatively disconnected with the immediate
school governance. The fact that this scenario asks teachers to reflect on actions taken by a school—thus hitting close to
their own lives—may solicit inwardly-directed shame which relates more closely to the feeling of guilt than outwardlydirected shame.
Misfitting Responses and Next Steps for Improving the Measures
The data demonstrated that the E-EARS scales exhibited adequate reliability and that a majority of the items exhibited
adequate construct validity evidence. Room for improvement exists nonetheless. PCA on residuals of the subscales
indicated some departure from unidimensionality, and by taking a closer look at the items misfitting the Rasch model,
we can work toward making the scales more unidimensional. The first significant pattern in Table 7 shows that the
emotion of joy contains the largest number of misfitting responses. Specifically, joy on pro-evolution scenarios 1 and 2
misfit the Rasch model for the pro-evolution experience scale (Table 7). Figure 2 shows that these are the also easiest
responses, meaning that respondents with relatively low levels of pro-evolution experience tended to express joy on
these scenarios. From the misfit, it follows that even teachers at the bottom of the scale expressed joy on these constructs.
It is interesting that both of these scenarios refer to curricular improvement which may have enhanced the tendency of
teachers to express joy on these items despite relatively low measures for pro-evolution experience. We also see that the
emotion of joy misfits with the anti-evolution experience scale for 5 of the 8 items. Here, we see that anti-evolution
scenarios 3, 6, and 7 address the theory of creation more directly than the misfitting scenarios. It makes sense that those
teachers with literalist monotheistic worldviews would express strong negative emotions regarding the pro-evolution
scenarios coupled with strong feelings of joy on the scenarios specifically condoning supernatural explanations for the
origins of life (Peñaloza et al., 2021). The influence of referencing curriculum and specific religious events on the
solicitation of teachers’ emotions is important to consider when planning future revisions and use of the E-EARS.
Two scenarios (Pro 1 and Anti 8) had three misfitting emotional responses, and an additional two scenarios (Pro 2 and
Anti 5) had two misfitting responses (Table 7). It is instructive to look at these scenarios more closely to understand how
they differ from the scenarios with comparatively well-fitting responses. It is interesting that the first two pro-evolution
scenarios (Pro 1 and Pro 2) refer to action taken by state governments (Florida and Kansas, respectively) whereas the
other two pro-evolution scenarios with comparatively well-fitting responses refer to a children’s book (Grandmother
Fish) and a television icon (Bill Nye the Science Guy). We observe that the misfitting negative emotions in Table 7
comprise submissive emotions (fear, shame, and guilt) (Bradley & Lang, 2000). This tells us that fear, shame, and guilt
related to government actions measure anti-evolution experience somewhat inconsistently in comparison to when these
emotions are expressed towards children’s educational programming. It is difficult to speculate in an informative way on
why this inconsistency exists; this may require further exploration with open-response or interview methods.
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Table 7. Misfitting responses (Rasch model infit or outfit > 1.5) by scenario and emotion.
Emotion
Joy
Anger
Sadness
Fear
Disgust
Shame
Guilt

Scenario
Pro1 Pro2
Pro
Pro

Pro3

Pro4

Anti1
Anti

Anti2
Anti

Anti3

Anti4
Anti

Anti5
Anti

Anti

Anti

Anti6

Anti7

Anti8
Anti
Pro

Pro

Anti
Anti

Regret

Regret

“Pro” refers to the construct of pro-evolution experience; “Anti” to anti-evolution experience; “Regret” to regret over
anti-evolution scenarios

Interestingly, anti-evolution scenarios 5 and 8 (Anti 5 and Anti 8) also address politics and government, Anti 5 referring
to the legislatures passing a bill, and Anti 8 referring to a statement by Vice President Mike Pence, both condoning
intelligent design as a valid theory for explaining life on Earth. The way that teachers with high measures for proevolution experience express anger related to the Mike Pence scenario is inconsistent with the way that they express
anger on the other anti-evolution scenarios, suggesting a measurable bias due to the political reference in this scenario,
consistent with Gough (2021). Similarly, the way that guilt is expressed on these two items is inconsistent with how it is
expressed on the other anti-evolution scenarios, suggesting that these scenarios solicit guilt in a measurably different
way than those scenarios which address implementation of or changes to educational resources by instructional entities.
We conclude that the consistency of the E-EARS may be improved by removing scenarios describing statements by
government or political entities and instead using scenarios that address contexts related to schools, classrooms, or
educational resources or creating separate assessments using scenarios describing educational resources or
government/politics, respectively.
Another source of inconsistency was the inclusion of joy. Although factor and reliability analyses suggested that joy on
pro-evolution scenarios fit with pro-evolution experience, and joy on the anti-evolution items fit with anti-evolution
experience, the Rasch model suggests some inconsistency in the responses as compared with the negative emotions on
the anti- and pro-evolution scenarios, respectively. In light of this, consistency could be improved by: (1) removing joy
from the instrument, or (2) making separate constructs to account for joy. Despite the misfit, we would caution against
these practices since: (1) joy is an important utilitarian emotion and has positive valence (Scherer, 2004), (2) separating
joy from the other emotions is not supported by the factor analyses, and (3) inclusion of joy within the pro- and antievolution experiences makes conceptual sense. We would recommend that efforts to improve consistency of the E-EARS
first concentrate on improving the uniformity of scenario contexts (described above) before attempting to remove or
partition out joy from the measure.
External Factors Driving Levels of Emotional Experience
Acceptance of evolution (qualified as appraisal in this study) was the most important variable dictating a teacher’s
level of emotional experience. Acceptance of facts about evolution was the most important positive predictor of proevolution emotion and regret around anti-evolution scenarios. Acceptance of microevolution and statement that
evolution is true and valid were important negative predictors for a teacher’s level of anti-evolution emotion. A
question arising from this result is: why is acceptance of microevolution such an important determinant of antievolution emotion? What this implies is that since microevolution is relatively easy to accept, teachers with low
acceptance of microevolution tend to have high levels of anti-evolution emotion. It is quite common to accept
microevolution without accepting macroevolution (Barnes et al., 2021; Nadelson & Southerland, 2012). It makes sense
that teachers who accept that microevolution can occur (for example, accepting that events like antibiotic resistance
and changes in viruses can occur within observable time frames) are going to agree that evolution is important to
teach in the classroom despite not agreeing with all aspects of the theory. This may lead to more temperate expression
of anti-evolution emotion than those teachers who reject evolution in its entirety. As a whole, we did not find the
importance of these appraisal constructs surprising given the temporal causal link between cognitive appraisal and
the experience of feeling (Scherer, 2005); however, this is the first study to confirm this link in the context of evolution
education.
Perhaps more interesting is that there were only two additional variables accounting for teachers’ emotional levels:
subscription to monotheistic faith (negatively related to pro-evolution emotion) and preparation to teach evolution
(negatively related to both anti-evolution emotion and regret around anti-evolution scenarios). The negative
relationship between monotheism and pro-evolution emotional experience makes sense in light of the teleological
battle between evolution and literalist accounts for creation associated with monotheistic belief systems (Barnes et
al., 2021). However, these belief systems are generally associated with rejection of evolution (Hill, 2014), and so we
were surprised that monotheistic faith did not arise as an important predictor for level of anti-evolution emotion.
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Toward explaining this, it is important to note that monotheistic faith and level of anti-evolution emotion did exhibit
a significant positive correlation (r = 0.272). However, the covariance between monotheism and level of anti-evolution
emotion was subsumed by the more important variables: acceptance of microevolution, statement that evolution is
true and valid, and preparation to teach evolution. After accounting for these variables, monotheistic faith became a
non-significant predictor.
The data indicate that preparation to teach evolution is among the most important predictors for a teacher’s emotional
reaction to these scenarios, negatively related to levels of anti-evolution emotion and regret. The directionality and
effect sizes of these relationships are similar, but for different reasons. The negative relationship with level of antievolution emotion may be due to the fact that teachers who display high emotional levels resist the theory and
therefore pursue less preparation (Silva et al., 2021). Conversely, this relationship could reflect that more preparation
to teach evolution, including appropriate coursework and professional development, may help teachers become more
comfortable with ideas associated with evolutionary theory (Silva et al., 2021). Since preparation to teach a subject is
engendered through active pursuit of coursework, professional development, and reflective practice, it makes sense
that teachers who report high preparation will feel that they have done their due diligence to help teach evolution,
leading to lower levels of shame and guilt. The trend of teachers with lower levels of preparation reporting higher
levels of shame and guilt may be reflective of the awareness of less prepared teachers that they need to be doing more
to teach effectively and advocate for the theory of evolution in their science classrooms. This is supported by the
observation that a majority of the teachers participating in this study reported emotional experiences reflective of a
generally favorable attitude towards the theory of evolution.
Conclusions
The development of the MATE (Rutledge & Warden, 1999) was an important step commencing the journey toward
understanding how both students and teachers relate to the theory of evolution on an emotional level. Although the
development of the I-SEA and GAENE built upon the MATE, offering some key developments in the epistemological
underpinning of how acceptance is qualified and measured, the wording and structure of the items is quite similar both
in wording and quantitative functioning (Romine et al., 2018). These measures of ‘evolution acceptance’ have been
critical to our efforts to understand how learners process new ideas about evolution (Deniz et al., 2008; Ha et al., 2012),
but only encompass the first step toward understanding actual emotional responses, and ultimately teachers’ decisions
regarding evolution pedagogy in the classroom.
The construct of emotion is complex and multimodal. Development of the Evolution Emotions Scale (Heddy & Sinatra,
2013) laid groundwork for beginning to understand how to quantify emotions about evolution using a self-report
methodology, and Hawley and Sinatra (2019) demonstrated the efficacy of a valence-based dimensional measurement
approach with Christian science teachers. The present study extends this work by focusing on arousal in addition to
valence. In addition, we found a positive link between acceptance and emotion. This is an important finding in the sense
that emotion begins with appraisal of a situation or stimulus event which is relevant to the concerns of the teacher or
learner, and then progresses to emotional experience which encompasses subjective feelings about a situation based
upon the appraisal. These then lead to physiological outcomes including changes in breathing, blood pressure, and heart
rate (Stemmler, 2002). Finally, a course of action is chosen; in our context, whether or not to implement or participate in
a learning activity related to the theory of evolution. Current ‘evolution acceptance’ instrumentation measures the first
step in this cascade, appraisal; the E-EARS was designed the measure the second step, subjective feelings (Scherer, 2005)
building off of previous work (Hawley & Sinatra, 2019; Heddy & Sinatra, 2013). An important next step for future
research involves understanding the physiological outcomes that are induced by a learner’s subjective feelings, which
could be explored using either observational (Gottman et al., 2005) or physiological sensor data (Romine et al., 2020,
2021).
Limitations and Recommendations
We discuss potential directions for future research in light of limitations of the E-EARS and our study design. First, it
may make sense to consider the conceptual domain of the E-EARS a limitation in that only seven emotions were
measured, and only one of these (joy) was a positive emotion. As indicated previously, we chose to focus on these
seven emotions due to their designation of utilitarian. The utilitarian emotions are particularly important since they
guide decisions that affect our well-being (including whether or not to engage in a learning activity) directly: “Such
adaptive functions are the preparation of action tendencies (fight, flight), recovery and reorientation (grief, work),
motivational enhancement (joy, pride), or the creation of social obligations (reparation).” (Scherer, 2005, p. 706).
Future research, however, may instead focus on aesthetic emotions which tend to take a more positive orientation:
“the feeling of awe, wonderment, admiration, bliss, ecstasy, fascination, harmony, rapture, and solemnity” (p. 706).
Previous work with quantitative measurement of emotion with respect to the theory of evolution (Hawley & Sinatra,
2019; Heddy & Sinatra, 2013) included measurement of aesthetic emotions such as pride and boredom, but these
were discussed and analyzed in terms of being positively or negatively valenced as opposed to being utilitarian versus
aesthetic in nature. An ethnographic analysis by Zembylas (2002) identified primarily aesthetic emotions: excitement,
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fascination, frustration, and disappointment, as among the most important emotions dictating an elementary science
teacher’s classroom experience. We predict that these emotions may be less manifest in the context of the specific proand anti-evolution scenarios that we presented given their focus on decisions and/or decisive statements; however,
these could be evoked in an instrument containing scenarios focusing on experiences with teaching students, the
beauty and usefulness of the theory of evolution in the study of life, the harmony and simplicity that the theory of
evolution brings to the discipline of biology, fascination with evolutionary processes like natural selection and
mutation, or admiration for the likes of Charles Darwin or Paul Berg who undertook key discoveries allowing us to
understand and apply evolutionary theory to modern problems in biology and medicine.
A second limitation relates to our study design; that we invited science teachers at all academic levels and types of
schools to participate. This decision was intentional, but nonetheless limits our ability to generalize our results to
specific grades, types of schools, or academic contexts. To the end of exploring construct validity, we considered our
approach of inviting all science teachers to participate to be conservative in that major differences in instrument
functioning between different types of teachers would be expressed in attenuated reliability and construct validity
measures. In addition, we note that this study focused on science teachers, not on students (similar to Hawley &
Sinatra, 2019). A teacher’s emotional orientation can dictate decisions made in the classroom, and the same goes with
students. The way students relate to the specific contexts presented in the E-EARS may be quite different than the
reactions expressed by teachers. We hypothesize that this is particularly true for the scenarios addressing school or
curriculum reform—using these same scenarios for students may present face validity issues given that curriculum
development is not an area of concern for many students. If using the E-EARS for studies with students, we recommend
building on Heddy and Sinatra’s (2013) approach of assessing students’ reactions to particular learning experiences.
Another possible approach may include revising the scenarios to focus on pop culture references or community
opinions similar to scenarios Pro 3 and 4 (Reading Grandmother Fish and the Statement by Bill Nye the Science Guy)
and Anti 6 and 7 (Field trip to Ark Encounter and the Statement by John D. Morris, president of the Institute of Creation
Research).
Finally, it should be noted that this study takes a positivist approach, exploring emotion in terms of a testable outcome
as opposed to a process. The stepwise regression analyses yield some insight into the types of experiences that may
be responsible for the way that teachers react to the scenarios on the E-EARS, and provides evidence that evolution
acceptance is a mediator for emotional experience. However, our data cannot illuminate processes by which factors
like religious background, preparation to teach evolution, or evolution acceptance help a teacher construct and
negotiate unique emotional experiences. In addition to offering a novel approach to measure emotional outcomes, we
hope that this research will provide a useful starting point for scholars who wish to utilize constructivist and postmodern perspectives similar to Zembylas (2004) toward exploring the role of science teachers’ experiences—both
curricular and extracurricular—in dictating how they react to and negotiate the range of perspectives offered by their
students, school, and community with respect to how best teach evolutionary theory.
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